Zeolite Y with intracrystalline mesopores has been emerging as one of the most potential materials in the catalytic cracking of large molecules. Our group has reported the synthesis of zeolite Y with intracrystalline mesopores with the formula [(CH 3 O) 3 SiC 3 H 6 N(CH 3 ) 2 C 18 H 37 ]Cl (denoted as "TPOACl"). However, the fabrication of mesoporous zeolite Y with a decreased organic template remains a significant challenge.
Introduction
Zeolite Y with intracrystalline mesopores has been widely applied in the processing of large molecules, such as in heavy oil catalytic cracking, 1,2 due to its high surface area, hydrothermal stability, and interconnected meso-micropores.
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During the past few decades, intensive efforts have been devoted to the synthesis of hierarchical zeolite such as Y, ZSM-5, and beta.
7-12
Typical ways to introduce mesopores into Y and ZSM-5 are post-synthetic dealumination or desilication treatments.
13-16
However, these methods lead to the partial crystal collapse of intact zeolite. Another recognized route is adopting a hard template such as carbon materials 17 or nanotubes. 18 Unfortunately, a complicated procedure is required to improve the compatibility between the hard templates and inorganic species, which is not suitable for scale-up production. Therefore, one effective solution to this problem is to explore a novel template that can be anchored into the aluminosilicate gel of raw materials. Ryoo et al. 19 reported that crystalline zeolites with tunable mesoporosity were synthesized using amphiphilic organosilanes. Note that this approach allows the highest versatility in controlling the mesoporosity in zeolite.
Furthermore, the combining force between the templates and inorganic species was strong and phase separation was avoidable. 20 With this idea in mind, the authors of the present investigation introduced intracrystalline mesopores into zeolite Y and ZSM-5 with amphiphilic surfactants including TPOACl. 21, 22 Moreover, the samples showed superior catalytic cracking properties when used in heavy oil processing. However, one key problem remains unresolved with respect to the synthesis of mesoporous Y: the synthesis cost is high due to a large amount of organic template, which limits their application in industrial processes. Therefore, the development of a novel template that can reduce the amount of organic surfactant required for the synthesis of mesoporous Y remains a challenging goal.
Generally, the hydrophobic alkyl chain could self-assemble to form micelles in water above the critical micelle concentration (CMC). The MAN gradually increases with the increasing length of the hydrophobic alkyl chain. The synthesis mechanism for mesoporous zeolites using amphiphilic organosilanes has been well explained with respect to ZSM-5 zeolite by Ryoo's group. 23 However, the effect of the tail length of the organosilane surfactants on the physicochemical properties of the resulting mesoporous zeolite has not yet been investigated. On this basis, we were inspired to attempt to reduce the amount of organic surfactant required for this reaction by decreasing the length of the hydrophobic alkyl chains.
Herein, we demonstrate for the rst time the direct synthesis of TPHAC from N,N-dimethylhexadecylamine ((CH 3 ) 2 NC 16 H 33 ) and 3-chloropropyltrimethoxysilane ((CH 3 O) 3 SiC 3 H 6 Cl) via a condensation reaction followed by an in situ crystallization of mesoporous Y using industrial raw materials. In this strategy, TPHAC is rstly synthesized by the conventional route and introduced into the alkaline system as a mesoporogen for the synthesis of mesoporous zeolite Y. The MAN of TPHAC decreased signicantly due to the reduced number of carbon atoms in the hydrophobic chains. Therefore, the amount of organic surfactant required was also signicantly reduced by the employment of TPHAC. This one-pot strategy provides a facile approach for the synthesis of mesoporous Y with a considerably decreased cost, and this can potentially be used in the industrial processing of heavy oil cracking.
Experimental
Synthesis of mesoporous Y TPHAC was synthesized according to the method described in the literature 24 and obtained as a 50 wt% solution in ethanol without purication. The synthesis procedures for mesoporous zeolite Y using TPHAC as a mesopore template are as follows: 6.5 g of initiator (with molar composition 16Na 2 Conventional NaY (denoted as "classical NaY") was also synthesized according to our previous article. 21 Moreover, classical NaY was employed in this study as a reference zeolite.
Ion-exchange of mesoporous Y
The as-synthesized MY-0.03 was ion-exchanged twice with aqueous NH 4 Cl (1 M) at 90 C for 1 h, ltered, and washed thoroughly with deionized water before calcining at 550 C for 2 h. The obtained protonic mesoporous form was designated as MHY-0.03. NaY was ion-exchanged using the above procedure and the product was designated as HY.
Characterization N 2 adsorption-desorption measurements of the support and corresponding catalysts were performed on a Micromeritics ASAP 2420 instrument (USA). The specic surface areas were calculated using the Brunauer-Emmett-Teller (BET) method and the pore size distributions were obtained using the Barret- . The morphology of the synthesized zeolite was investigated with a HITACHI S4700 scanning electron microscope (SEM). Transmission electron microscopy (TEM) images were recorded with a JEOL JEM-3010 instrument with an accelerating voltage of 200 kV. All samples subjected to TEM measurements were ultrasonically dispersed in ethanol and dropped on the microgrid.
Catalytic cracking performance tests
Cat-1 was prepared from kaolin (65%), alumina gel (10%), and MHY-0.03 (25%); Cat-2 was prepared from kaolin (65%), alumina gel (10%), and HY (25%); Cat-3 was prepared from kaolin (65%), alumina gel (10%), and MHY-c (25%). 21 All the catalysts were crushed, sieved to 60-100 mm, and steamed in water vapor at 800 C before use. Heavy oil catalytic cracking tests were carried out in a microactivity unit.
Results and discussion

Effect of hydrophobic chains on amount of surfactant
The surfactant consists of hydrophobic carboxylic chains and hydrophilic groups. The hydrophobic chain (-C 18 H 37 in TPOACl and -C 16 H 33 in TPHAC) tends to clump together to form micelles and template the formation of mesopores. Compared with TPOACl, the hydrophobicity of the TPHAC surfactant weakens as the carbon number of the carboxylic chains decreases. This change would lead to a decrease in the MAN as well as in the size of the micelles. 24 As a result, a large number of integrated micelles will be obtained at the same molar ratio as TPHAC/SiO 2 . This phenomenon is explained in Scheme 1.
In the present investigation, the utilization of TPHAC is 3 g zeolite per g TPHAC, which is 1.8 times that of TPOACl (1.67 g zeolite per g TPOACl). The advantage of the TPHAC route is obvious: the preparation cost of mesoporous zeolite Y is reduced greatly; this has been an issue for researchers of mesoporous zeolites for a long time.
Factors affecting the fabrication of the mesophase and NaY crystallization
The inuence of the amount of TPHAC on the physicochemical properties of MYs is studied. As shown in Fig. 1 , all MYs show a typical IV isotherm with a H4 hysteresis loop above P/P 0 ¼ 0.5, which is attributed to the capillary condensation of N 2 gas in the mesopores 25, 26 and indicates the presence of mesoporous structures in the MY samples. The physicochemical properties of the MYs are listed in Table 1 Interestingly, with the same template/SiO 2 molar ratio, the S meso /S micro and V meso /V micro ratios were found to have increased with TPHAC as compared to with TPOACl. 21 Compared with the Fu's report, 6 mesoporous Y was synthesized using TPOAB as mesoprogen with the TPOAB/SiO 2 molar ratio ¼ 0.04, and the mesoporous surface area in this case was lower than that of MY-0.04. The inuence of the surfactant on the physicochemical properties of the MYs can be essentially attributed to the micelles. A larger amount of micelles will be formed in the TPHAC system due to the decreased MAN, which will enhance the mesoporous surface area.
In addition, the pore size was reduced in the TPHAC system (to about 4 nm) implying a decreased micelle size under the same molar ratio of surfactant/SiO 2 . The pore size distribution curves of the MYs in the present investigation exhibit relatively uniform mesopore distributions with the predominant distribution concentered at about 4 nm can be seen from Fig. 2 (the pore size distributions of the mesopore diameters were 
The relative crystallinity calculated via the (BJH) algorithm using the adsorption branch). It is generally accepted that the mesopore size distribution is dependent on the assembly state of the TPHAC moieties. 22 It is reported that the diameter of a TPHAC micelle is 4 nm.
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On the other hand, from Fig. 3 and Table 1 , we can see that addition of TPHAC will affect the crystallization of zeolite NaY. Increasing the amount of TPHAC leads to a decreased crystallinity in the resultant NaY. These results are fully consistent with those of BET analyses.
Hydrothermal stability and catalytic properties MY-0.03 with a typical meso/microporous structure was chosen as an example for characterization of its structure, hydrothermal stability, and catalytic properties. The TEM image (Fig. 4b ) reveals a worm-like mesoporous structure and a well crystallized microphase. and MHY-HT were 76% and 47%, respectively, indicating the high hydrothermal stability of MY-0.03. Fig. 6 shows the TEM images of MHY-HT aer hydrothermal treatment for 4 h. It can be seen that aer the hydrothermal treatment, the intracrystalline mesopores were still present within the crystals. These results indicated that mesoporous Y obtained with assynthesized TPHAC has excellent hydrothermal stability.
To evaluate the catalytic properties of zeolites obtained in the present investigation, three catalysts (Cat-1, Cat-2, and Cat-3), MHY-0.03, HY, and MHY-c 16 were selected and tested with Daqing heavy oil catalytic cracking as a model reaction system. From Table 2 , it is clear that the yield of the light fraction (gasoline + diesel) with Cat-1 is 59.2 wt%, which is higher than that with Cat-2 (55.6 wt%). In addition to this, the yields of heavy oil and coke are lower than those with Cat-2. These results conrmed that the properties of the catalysts depended on the characteristics of the zeolites. The BET properties of the three catalysts are listed in 
Conclusions
In summary, this investigation has presented a facile route for the synthesis of zeolite Y with intracrystalline mesopores using a greatly reduced amount of organic surfactant. A novel template (TPHAC) with 16 carbon atoms in the hydroxyl chain has been obtained. The content of TPHAC necessary for the formation of integrated micelles decreased greatly due to the decreased number of carbon atoms in the hydroxyl chains. Mesoporous zeolite Y obtained by this route exhibits excellent hydrothermal stability. This investigation resulted in the development of a unique synthesis route to zeolite Y with intracrystalline mesopores and excellent catalytic properties.
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